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EFFECT OF Ca*" AND GABA ON OXIDATION OF GLUTAMATE
AND GLUTAMINE BY RAT BRAIN SYNAPTOSOMES

N. S, Nilova UDC 577,17.49: 577,17

Experiments in vitro showed that the addition of Ca*™* inhibits respiration of rat brain syn-
aptosomes in the presence of glutamate and glutamine. The addition of GABA potentiates the
inhibitory effect of Catt on the oxidation of glutamine but not of glutamate, GABA itself has
no effect on the oxidation of either glutamate or glutamine.
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" Regulation of the glutamic acid system, including glutamate, glutamine, ammonia, aspartate, and y-
aminobutyric acid (GABA), is of essential interest in neurochemistry, for each of its components is directly
linked with the function of nerve tissue. The glutamic acid system is a single metabolic entity, in a state of

" dynamic-equilibrium [5], The modulating role of Ca** and GABA in nerve tissue is very diverse, Ca*t par-
ticipates in conduction of the nervous impulse [1] and can also cause conformational changes in various intra-
cellular membranes and it acts on transport processes through its influence on the state of carriers [2]. The
intracellular effects of GABA as a biologically active compound may also be connected with changes in the
conformation and permeability of various cell membranes.

The object of this investigation was to study the combined effect of Cat+ and GABA on oxidation of
glutamate and glutamine by brain synaptosomes.

EXPERIMENTAL METHOD

Experiments were carried out on albino rats weighing 160-180 g, The animals' brains were removed
entirely except for the cerebellum, Synaptosomes were obtained by layering the total mitochondrial fraction
suspended in 0.3M sucrose on 0,.8M sucrose [8], Respiration of the synaptosomes was recorded in a Warberg
apparatus. Krebs—Ringer solution was used as the incubation medium, with glutamate or glutamine in a
concentration of 20 mM as the respiration substrate. The protein concentration in the samples was 7-9 mg.
Protein was determined by Lowry's method [10], Glutaminase activity was determined from the quantity of
ammonia liberated from glutamine during incubation of the samples for 80 min at 37°C. The ammonia con-
centration was determined by a microdiffusion method [3].

EXPERIMENTAL RESULTS

The effect of Cat+ in different concentrations and also the combined effect of Catt and GABA on the
oxidation of glutamate and glutamine by rat brain synaptosomes were investigated, It will be clear from
Table 1 that the addition of Ca*t in concentrations of 0.75, 1.5, and 3.0 mM reduced the oxygen consumption
by 12-16% when glutamate was used, This inhibition of respiration was equal for Ca*+ in all concentrations
used, The simultaneous addition of Catt and GABA (8 mM) did not change the character of the effect of this
cation: inhibition of respiration during utilization of glutamate was of the same magnitude (11-13%). As
regards respiration with glutamine, inthis case Ca**in a concentration of 75 mM did not affect the oxygen
consumption, in a concentration of 1,5 mM it inhibited respiration statistically significantly by 9%, and in a
concentration of 3,0 mM, by 13%. In this case a statistically significant strengthening of the effect of Cat*
was observed on an increase in its concentration in the incubation medium, The addition of GABA in a con-
centration of 3 mM caused an increase in the effect of Ca**: the inhibitory effect of the cation was manifested
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TABLE 1, Respiration (in pmoles O,/ 10 mg protein/h) of Rat Brain Synaptosomes in
Presence of Ca™ and GABA, M +m

Glutamine (20 mM) : Glutamate (20 mM)

++
Ca’  con- ++ : *

. without 2 GABA Ca™+GABA| without 2+ GABA  Ca™"+ GABA
f:&muon’ ca*t cat (3mM) (3 mM) ca*t ca (3 mM) |(3 mM)

0,75 | 1,9940,06 | 1,960,08 | 1,92+0,07 | 1,70:-0,07% 2,952-0,04 |2,08:-0,05% | 2,05:-0,08 | 1,8340,07*
in (11 (ig) (12) @0 22 (10) (12)
1,5 1,9940,06 | 1,81+0,05% | 2,04-00,04 | 1,72-00,03+* | 2,25:-0,04 | 1,86--0,04*] 2,29:+0,04 | 2,02+0,04*
(n (10) (15) (15) @0 2 (15) (15)
3,0 1,994-0,06 | 1,734-0,06* { 2,04-+0,03 | 1,62:£0,02* | 2,95--0,04 | 1,9340,04% | 2,23-0,03 | 1,93+0,03*
(i) () _~| (1) (15) @n @) (i5) (15)

Legend. 1. Asterisk indicates P < 0.05 compared with corresponding control (without
Ca™™). 2. Number of experiments shown in parentheses,

TABLE 2, Effect of Ca'™ in Presence of GABA on Glutaminase Activity (in g N/mg
protein/ 30 min) of Rat Brain Synaptosomes, M =m

Ca’™ (0.75 Ca'" (3 mM)+
Enzyme GABA (3 mM) [mM) + GABA GABA (3 mM)|GABA (3 mM)
(3 mM)
Glutamine transaminase 3,24+0,18 4,14-0,14* 3,24-0,16 5,0-+0,59*
©) ) ® (12)
Phosphate-independent (maleate-activated) 18,5+2,10 25,03-2,07* 22,7+0,76 25,340,50*
glutaminase . (12) (12) (12) (12)
Phiosphate -dependent glutaminase 12,1+0,48 12,140,32 12,140,25 12,94:0,28*
(in 12 (19 13y

Legend, Two asterisks indicate that in this ei:periment Ca'™ was used in a concentration
of 1,5 mM, Remainder of legend as in Table 1,

in a concentration as low as 0,75 mM, and the effect was rather greater in concentrations of 1.5 mM (16%)
and 3,0 mM (21%).

A separate series of experiments showed that GABA by itself did not affect the oxidation of glutamate
and glutamine by synaptosomes., For instance, respiration during utilization of glutamate (20 mM) in the
absence of GABA was (in pmoles O,/ 10 mg protein/h) 2,04 = 0.06, and on the addition of 3 mM GABA it was
2,14 £ 0.04 (n=12), Similarly, during utilization of glutamine in a concentration of 20 mM the oxygen con-
sumption was 1,71+ 0,06 in the absence of GABA and 1.73 + 0,05 pmoles O,/10 mg protein/h in the presence
of 3 mM GABA,

To ascertain whether the potentiation of the inhibitory action of Ca*™ in the presence of GABA is con-
nected with additional inhibition of glutaminases, the glutaminase activity of the rat brain synaptosomes was
investigated in the presence of GABA and during combined incubation with Ca** and GABA, As Table 2 shows,
addition of Catt in concentrations of 0.75 and 3.0 mM to samples containing 3 mM GABA caused a statistically
significant increase in glutamine transaminase and phosphate-independent glutaminase activity compared with
samples of synaptosomes containing GABA only. There was little change in phosphate-dependent glutaminase
activity, The results thus indicate that during the combined action of Cat* and GABA no additional inhibition
of the glutaminase was observed and, consequently, that the strengthening of the inhibitory effect of Ca*™ in
the presence of GABA on glutamine oxidation does not take place at the stage of glutaminase reactions.

The inhibitory action of Ca®™ on the oxidation of glutamate and glutamine may take place both at the level
of oxidative processes in the synaptic mitochondria and at the level of supply of the substrates to the synapto-
somes, It has been shown that Ca** in mitochondria can inhibit the oxidation of NAD*-dependent substrates
by binding pyridine nucleotides [7, 12]. Possibly the identically oriented inhibitory effect of Ca™* on the oxi-
dation of glutamate and glutamine was primarily due tothis actionof Ca’ ™ atthelevel of oxidative processes in
the mitochondria, Atthe same time, some difference was found in the action of Ca** on the oxidation of
glutamate and glutamine in these experiments. By contrast with glutamate, during utilization of glutamine
the inhibitory effect of Ca*t increased with an increase in the concentration of the cation in the medium;
furthermore, potentiation of the effect of Ca** on glutamate oxidation was observed during the combined use
of Catt and GABA. These differences in the effect of Ca™ may be connected with its possible action on
glutamine transport into the synaptosomes.

The existence of active Na-dependent transport with high affinity and passive Na-independent transport
with low affinity has been demonstrated for the supplying of glutamate to synaptosomes [6, 9]; for glutamine

1159



in the synaptosomes only a passive transport system has been found [4, 11], If the supply of glutamine to the
synaptosomes is in fact not controlled by the Na* concentration in the external medium, the importance of
other factors in the control of transport may be increased. In particular, some action of the combined addition
of Cat* and GABA to the medium on the glutamine supply is possible.
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ACTION OF ACUTE CARDIAC ISCHEMIA ON ACTIVITY
OF THE PROTEIN-SYNTHESIZING SYSTEM OF THE INNER
MITOCHONDRIAL MEMBRANES OF THE MYOCARDIUM

L. A, Kopteva, L, I, Zhevalyukova, UDC 616,12-005,4-036,11-07; 616,
and V, I. Biryuzova 127-008,939.6-074

Acute cardiac ischemia caused by ligation of the descending branch of the left coronary artery
leads to a sharp increase in the activity of the protein-synthesizing system of the inner mito-
chondrial membranes of the myocardium throughout the period of organization of the experi-
mental infarct, as reflected in an increase in the synthesis of protein and RNA in the mito-
chondria, During development of the infarct considerable changes are observed in the ultra-
structure of the inner mitochondrial membranes of the myocardium, the degree of which is
directly dependent on the stage of development of the pathological process.

KEY WORDS: mitochondria of the heart; ischemia; protein and RNA synthesis; ultrastructure.

The writers showed previously that necrotic lesions of the heart have a marked effect on the activity of
protein and RNA synthesis in the inner membranes of the mitochondria of the undamaged parts of the myo-
cardium [2-4]. However, the question arose whether these results reflect a true effect of ischemia or whether
they may be in part the result of the effect of the sympathomimetic drug isoproterenol, which was used to
create the necrotic foci in the myocardium,

In the present investigation classical ischemia of the myocardium caused by ligation of the descending
branch of the left coronary artery was used as the experimental model.
EXPERIMENTAL METHOD

Male Wistar rats weighing 250-280 g were used, Since the development of the experimental myocardial
infarct in the animals continued for about three weeks, and since the typical picture of proliferation of con-
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